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Abstract
This report examines the effect of varying the contrast of a flickering remote surround on thresholds for flicker detection, and
color detection in rapidly flickering red and green foveal test targets, presented on a steady white background. Flicker in the
surround reduced flicker sensitivity for the foveal test stimuli and yielded a periphery effect (PE), whereas it had no effect on color
sensitivity (no PE). The magnitude of the PE increased non-linearly as a function of increasing surround flicker contrast. Much
of the increase took place at low contrasts (B0.20) and half-saturation of the PE occurred at 0.16 and 0.29 contrast for the red
and green targets, respectively. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction
When the peripheral retina is stimulated with homo-
geneous flicker or grating patterns that are drifting,
flickering, flashing, or oscillating, the detectability of
certain stimuli presented to the fovea is reduced. This
occurs when the foveal stimuli are low (but not high)
spatial frequency gratings, brief achromatic flashes, and
large, brief duration monochromatic flashes [2–
5,9,22,25]. Furthermore, when the foveal targets are
rapidly flickering chromatic spots, thresholds for detect-
ing the percept of flicker, but not color in these stimuli
are elevated [15].
It has been suggested these phenomena may be the
psychophysical consequences of the neurophysiological
periphery effect (PE) [4,9,15,23]. In the physiological
PE (shift-effect, McIlwain effect), flicker or movement
of patterns located far outside the classical center-sur-
round of monkey and cat retinal and lateral geniculate
nucleus neurons results in changes in their firing rates
[27]. The effects, however, are not uniform across cell
types. The PE is stronger in cat Y- than X-cells
[6,10,18], and more pronounced in monkey M- (magno-
cellular) than P- (parvocellular) neurons [19–21].
To avoid confusion, we hereafter refer to the physio-
logical periphery effect as PE, and the human psycho-
physical periphery effect as the HPE. Psychophysical
results are consistent with an explanation that the
neurons which show a PE are the ones mediating
detection of the stimuli whose visibility is suppressed by
peripheral stimulation. In the human visual system it
has been argued these are the M-neurons [1,15,22,26].
Neurons in the M-pathway show a preference for low
spatial frequencies and high temporal frequencies, and
are believed to mediate detection of luminance and fast
flicker. As noted above, thresholds for these discrimina-
tions are the ones most affected by peripheral stimula-
tion. In contrast, P-neurons prefer higher spatial
frequencies and lower temporal frequencies and are
believed to mediate color detection [11,24,28,29,31].
A feature of the PE observed in cat Y-cells is that it
saturates at relatively low levels of contrast (0.10–0.20)
of a remote stimulus [12]. Furthermore, the PE reached
full magnitude over a contrast range of only about
10%, which led Fischer et al. [12] to describe it as an
all-or-none phenomenon. An obvious question is
whether the PE in primate M-neurons responds simi-
larly. In the absence of neurophysiological data from
monkey, we investigated this in human observers using
a double threshold paradigm as described by He and
Loop [15]. For rapidly flickering chromatic increments,
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thresholds for seeing color in these stimuli are usually
different than thresholds for seeing stimulus flicker.
Furthermore, a suppressive HPE is elicited for the
detection of rapid flicker, which is believed to be medi-
ated by M-neurons, but not color, which is believed to
be mediated by P-neurons.
2. Methods
2.1. Subjects
Five adults between the ages of 22 and 41 partici-
pated after giving informed consent. All had normal
color vision (as assessed by the D-15 panel and Dvorine
pseudoisochromatic plate tests), no eye disease, cor-
rected acuity of 20:25 or better at the 1-m viewing
distance, and were naive to the purpose of the study.
2.2. Apparatus
Test and background beams originated from slide
projectors. A rotating sector disk interposed in the test
beam provided the flicker in that channel. Intensity of
the test was controlled by a neutral density wedge. Both
test and background beams were directed onto a circu-
lar, matte white disk affixed to the center of a video
monitor. The monitor was controlled by a Nicolet
Optronics Vision Tester and the portion of the monitor
not covered by the white disk provided a variable
contrast flickering surround.
2.3. Stimuli
Test stimuli were broad-band green (Wratten c 60;
dominant wavelength, 520 nm) or red (Wratten c 26;
dominant wavelength, 633 nm), and 1.2° in diameter.
They were temporally modulated at 25 Hz (square
wave) and were superimposed on the steady white
background that was 4.2° in diameter and had a lumi-
nance of 100 cd:m2. Broad-band, rather than
monochromatic, stimuli were used in order to obtain
sufficient test stimulus intensities on the bright back-
ground. The above two stimuli were chosen because
their energy was concentrated in spectral regions (mid-
dle and long wavelengths) where He and Loop, [15] had
obtained good separation of color and flicker
thresholds with monochromatic stimuli. Pilot tests
confirmed that both broad-band stimuli yielded lower
thresholds for color than flicker detection, and these
thresholds differed for all subjects by more than 0.5 log
units). Surrounding the background was a homoge-
neous white surround field with outer dimensions of
12.6° in width by 16.5° in height. Luminance of the
surround was modulated in a square wave at 15 Hz
around a mean luminance that was the same as the
background (100 cd:m2). Contrast of the surround
(LmaxLmin:LmaxLmin) was varied from 0.0 to 0.50
(0–50%) in eight steps: 0.0, 0.0125, 0.025, 0.05, 0.10,
0.20, 0.40, and 0.50.
Selection of 15 Hz as the flicker rate for the surround
was based on an experiment which investigated the
effect of varying flicker frequency of a surround on
thresholds for detection of a large, brief (1°, 10 ms)
spectral increment (560 nm) presented on a steady
white background [22]. The stimulus configuration and
dimensions were similar to those used in the current
study and, for the same subjects whose data are re-
ported here, yielded the results shown in Fig. 1. Fifteen-
Hz flicker was chosen for this study because it was near
the peak of the function and subjects reported it pro-
vided a more comfortable viewing situation than lower
frequencies such as 8 Hz, where the actual peak
occurred.
2.4. Procedure
The subjects’ task was to establish thresholds for the
appearance of flicker or color in the test in the presence
of surround flicker of varying contrasts. Testing was
monocular, and head stability was maintained with a
head:chin rest. Test distance was 1 m, and subjects were
adapted to the display for 2 min with 0.0 surround
contrast (steady surround). In a single session one
colored stimulus was used, and either thresholds for the
flicker or color detection were established. Using an
ascending method of limits procedure, the experimenter
increased test intensity from below threshold until the
subject verbally signaled either detection of flicker or
color in the test. Threshold judgments were repeated
five times, first with 0.0 surround contrast, then at the
other contrast levels in ascending order, returning to
0.0 at the end of a session. Sessions were repeated three
times with results averaged across sessions.
3. Results
Panel A of Fig. 2 shows the average contrast–re-
sponse function from five subjects. It plots changes in
the thresholds for seeing color and flicker in the green
and red stimuli (response) as a function of contrast of
the flickering surround. Threshold change is the differ-
ence between thresholds measured with versus without
flicker in the surround. It is expressed in log units
where, for example, a positive value of 0.3 indicates
that subjects required twice as much light to detect the
stimulus when surround flicker was present, compared
to when it was not. At the highest surround contrast
tested, thresholds for flicker detection were elevated by
0.44 and 0.34 log units for the green and red stimuli,
respectively. Alternatively there were no significant
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Fig. 1. Size of the PE (threshold elevation) as a function of rate of modulation of a flickering surround. The target was a foveally presented 1°,
10-ms, 560-nm flash superimposed on a steady 4.2°, 1000-td (td troland) white background. A homogenous flickering field surrounded the
background and was luminance (mean) matched to it. The inner border of this surround was contiguous with the background outer border and
then extended out to 13.8°. Data are the average of the five subjects completing the main experiment. Error bars91 S.E.M.
changes in color detection thresholds, and hence no
HPE at any surround flicker contrast level.
The remaining panels in Fig. 2 show the data for
individual subjects. All subjects show the general effects
illustrated in Panel A, including greater elevations in
flicker thresholds for the green stimulus at higher sur-
round contrast levels. However, there were individual
differences in the magnitude of the elevations in flicker
thresholds, and the way in which they interacted with
contrast. For example, subject MV showed the smallest
HPE and little change in its magnitude above 0.10
contrast. On the other hand subject JE had a much
larger HPE with considerable change in its magnitude
above 0.10 surround contrast.
Analysis of variance (randomized block design) was
performed separately on data for the red and green
stimuli and each analysis yielded significant main effects
of subject, percept (color or flicker), and contrast level
(all p values B0.001). Further, there were significant
interaction effects between percept and contrast level
(green F5.33, p0.0001; red F2.88, p0.01). Ad-
ditional analysis indicated that the elevation in flicker
detection thresholds was significant for surround con-
trasts of 0.10 and above for both the green and red test
stimuli.
A fit to the average data (curves in Panel A) was
obtained with the Michaelis–Menten equation yax:
(bx) where amaximal threshold elevation, b
contrast which causes 1:2 the maximal elevation (half
saturation value), and xsurround contrast. The half
saturation values for flicker thresholds for the green
and red stimuli were 0.29 and 0.16, respectively. Half
saturation values for color thresholds for the same
stimuli were projected to be 2.21 and 1.95, respectively
(as a note, the color data over the contrast range of the
experiment could be equally well fit by a linear model).
4. Discussion
An HPE for flicker, but not color, detection
thresholds in rapidly flickering chromatic increments
was found for both broad-band red and green stimuli.
These findings are consistent with results reported by
He and Loop [15]. Although peak magnitude of the
HPE for both colored stimuli occurred at the highest
surround contrast tested (0.50), it was 0.10 log units
greater in magnitude for the green stimulus. Another
difference is that the half-saturation value of the HPE
for the green stimulus was nearly twice that of the red
stimulus. The first difference suggests the possibility of
wavelength selectivity of the HPE. However, there is
little support for this in the literature. First, He and
Loop’s data [15] indicate a uniform HPE for the wave-
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Fig. 2. (A) Average contrast–response functions for five subjects
showing changes in thresholds for flicker and color detection as a
function of the contrast of a flickering surround. Surround flicker rate
was 15 Hz. The flicker detection results are indicated by the open
symbols, those for color detection by filled symbols. Curves through
the data are of a best fit hyperbolic function (Michaelis-Menten).
(B–F) Individual data for the five subjects in the experiment. The
format is the same as in (A). Error bars in all panels91 S.E.M.
abrupt increase in activity in the vicinity of 0.10 con-
trast, and then no further change at contrast above
0.10–0.20, leading them to label it an all-or-none phe-
nomenon. The comparatively more gradual rise of the
HPE may reflect the fact that it is based on populations
of cells rather than the response of individual neurons,
or it may indicate a real difference in the way cat
Y-cells and primate M-neurons respond to stimulation
outside of their receptive fields.
There are similarities in the appearance of our con-
trast–response functions for flicker and color detection
with the physiological response–contrast functions re-
ported by Kaplan and Shapley [17] (see their Fig. 2) for
M- and P-neurons, respectively. Kaplan and Shapley
found half saturation for M- and P-neurons at 0.13 and
1.74 contrast, which compares well with the HPE half-
saturation values of 0.16 for flicker, and 1.95 for color
detection with the red stimulus. They also found con-
trast gain of M- and P-neurons to differ by nearly a
factor of 10. Contrast gain is the change in response
amplitude per unit contrast and is determined by the
slope of the linear portion of the fitted curves, which
occurs at low contrasts (0.10 and below). A similar
analysis of our data for surround contrasts between 0
and 0.10 (not shown) yielded slopes for the flicker and
color functions that differed by approximately a factor
of 10. Finally, M-cells respond well to very low levels of
luminance contrast (as little as 0.02), whereas P-cells do
not [32]. A parallel can be seen in the departure of the
fitted curves for the flicker and color contrast–response
functions that begins at the lowest contrast level we
tested (0.0125).
These similarities make it tempting to suggest that
the retinal M-neurons themselves might be the genera-
tion site of the HPE. However, it must be kept in mind
that the stimulus responsible for eliciting the HPE is
spatially remote from the stimulus whose detection is
affected by it. Thus, PE signals must be conducted
laterally across large retinal distances and presently
there is only limited anatomical support for the idea
that ganglion cells are performing this function [7]. The
more common view is that PE signals are generated in
amacrine cells, propagated by them, and then exerted
on distant ganglion cells [8,10,13,14,16]. Amacrine cells
make likely candidates because of their extensive den-
dritic fields, receptive field properties, and numerous
synaptic connections with ganglion cells, which form a
dense network for conducting signals laterally in the
retina. Although the present study cannot determine
where the HPE originates, we predict that the physio-
logical responses of monkey M- and P-neurons to
changes in contrast of a remote stimulus will be similar
to what we have observed psychophysically for flicker
and color detection, respectively.
We have assumed that the two-threshold paradigm
isolates the magnocellular and parvocellular pathways
lengths from 500 to 640 nm. Although Kuyk and Fuhr
[22] reported the HPE was greatest at 560 nm, which is
closer to the dominant wavelength of the broad-band
green than the red stimulus used in the present study,
the variation in size of the HPE with wavelength in that
study was quite small and much less than the 0.10 log
unit difference found in the present study. As to the
differences in half-saturation values for the red and
green stimuli, we are presently not sure why this
occurred.
Despite these differences, the HPE for both the red
and the green stimuli increased rapidly in magnitude at
low levels of surround contrast (below 0.20) and more
gradually thereafter; showing saturation at higher con-
trasts. The non-linear growth of the HPE in response to
increasing surround contrast and the fact that it satu-
rates are also characteristics of the PE in cat Y-cells.
The striking difference between the two is that the
growth of the HPE occurs over a much wider range of
contrasts than the PE in Y-cells. Fischer et al. [12]
found that Y-cells exhibited little change in activity for
surround grating contrasts below 0.10, followed by an
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[30], and have interpreted our results in this context.
However, is it possible to explain our data in the
context of a single channel with different thresholds for
flicker and color, that are in turn differentially affected
by surround stimulation? We do not believe so, and see
two problems with this explanation. First it requires a
mechanisms for gating the PE signal in response to the
properties of the test stimulus, such that the impinging
PE signal has no effect on neurons in the channel at
color threshold, but a large effect at flicker threshold.
Although such a mechanism cannot be ruled out, there
is presently no evidence for it. Secondly, there is no
retinal neuron that meets all of the response require-
ments of the single-channel model, which includes me-
diating flicker and color thresholds as well as exhibiting
a strong PE.
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